The aim of this study was to review the prevalence of rice contamination to heavy metals in Iranian grown and imported rice brands by conducting a systematic review and assess the related human health risk. Multiple keywords such as "rice, heavy metals, and Iran" were used to search in related databases. The average concentration of Cd, Pb, As, Cu, Zn, Cr, Ni and Co for Iranian grown/ imported rice were calculated as 0..07 mg kg −1 , respectively. Except Co, there were significant differences between Iranian and imported rice brands. Estimated weekly intake for none of the metals exceeds the provisional tolerable weekly intake value. Accordingly, the rice types consumed in Iran have no health hazard for consumers.
Specifications
Pubmed and Web of science were searched for key words of: "heavy metals", "rice", "Iran" (and Persian equivalents) in fields, title, abstract and keywords. Fig. 1 shows the search strategy diagram. After the first stage, the found articles were checked for eligibility for this review. Finally, the essential data was obtained through the selected articles and insert to spread sheet for further analysis.
Search results
According to the initial search, totally 130 articles were found through the databases published in 2000-2017. By screening the titles, 89 works were excluded due to irrelevancy to the subject. At second screening stage, 20 theses and conference work works were also excluded (due to no access to full text). Furthermore, 11 other works were excluded due to lack of necessary data, including insufficient sample size and no access to full text. Finally, 10 articles were selected for the analysis. According to the obtained data, the most studied heavy metals in imported and domestic rice brands were cadmium, lead, arsenic, chromium, zinc, chromium, nickel and cobalt. For each metal the mean, standard deviation (SD) and pooled SD were calculated as presented in a Tables 1 and 2 for Iranian grown and imported rice brands, respectively.
Human Risk assessment and exposure to toxic metals
Human risk assessment and exposure to heavy metals through rice consumption was performed according to the procedure that has been widely used elsewhere. For this, the estimated weekly intakes (EWI), provisional tolerance weekly intake (PTWI) were calculated and compared with the values recommended by WHO/FAO expert committee. EWI was calculated by Eq. (1):
where, EWI is estimated weekly intake (mg kg −1 bw week). C, WC, and BW are the mean of heavy metal content in rice (mg kg -1 dry weight), denotes the weekly rice consumption for each person (g week −1 ) (770 g per capita per week), and average body weight (kg), the average of Iranian grown body weight is 60 kg, respectively. Finally, the EWI was compared to PTWI provided by WHO/FAO. The mean concentrations of heavy metals for Iranian grown and imported rice types are represented in Table 3 . For Cd, by comparing EWI and PTWI (Table 4 ) it was revealed that the EWI was 2.05 µg kg −1 BW and 1.69 µg kg −1 . BW for Iranian grown and imported rice was lower than the recommended PTWI (7 µg kg −1 BW) provided by FAO/WHO, respectively. Hence, the consumption of the rice is not considered as a health risk factor in term of Cd. For Pb, statistical analysis revealed a significant difference between Iranian grown and imported rice and with the standard (Po 0.001).
But with regard to EWI and comparing with the provided value by WHO/FAO, the EWI values for both rice types are lower than PTWI. This metal intake at this level cannot be a risk according to PTWI. For As, its content in Iranian grown and imported rice were lower than Iranian standard and WHO guideline based on EWI. It is important to be noted that cooked rice may increase the heavy metal content to 1.642 mg kg −1 . For Cr, There was a significant difference between Iranian grown and imported rice. From stand point of health hazard exposure, the values of EWI for Iranian cultivated and imported rice were 3.72 µg kg −1 BW and 7.83 µg kg −1 BW, respectively, comparing with reference value of PTWI (23.3 µg kg −1 BW the are safe and has no health hazard for consumers). For Ni, from stand point of health hazard the EWI value for Iranian and imported rice were 2.82 (µg kg −1 BW) and 9.75 (µg kg −1 BW), respectively, which was lower than PTWI (35 (µg kg −1 BW)). Hence, there is no hazard from the common consumption of rice intake by this metal.
